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Background: Smoking behavior changes over time in old age, and smoking patterns differ by sex and age.
However, the sex-stratiﬁed smoking trajectories of older adults are not often examined. The purpose of
this study was to examine the smoking trajectories of older adults and their associated factors by sex.
Methods: Data were drawn from a nationally representative longitudinal study of a sample of Taiwanese
adults aged 50e66 years (n ¼ 2097). The samples were followed from 1996 to 2007. Group-based tra-
jectory analysis was performed.
Results: Three smoking trajectories were identiﬁed in men: non/rare smokers (42.6%), quitting smokers
(16.5%), and chronic smokers (40.9%). Among men, quitting smokers were more likely to be lower
educated than non/rare smokers. The male chronic smokers were more likely to be older, lower
educated, and living in rural areas than the male non/rare smokers. Two smoking trajectories were
identiﬁed for females: non/rare smokers (95.9%) and smokers (4.1%). Women of mainlander ethnic
groups were more likely to be smokers.
Conclusion: There are sex differences in the smoking trajectories and related factors among older adults.
Tobacco control programs should be sensitive to the sex of the target population.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Smoking has major mortality and morbidity risks as well as
numerous potential medical consequences.1e3 Smoking also cau-
ses poorer health-related quality of life4 and increases the risk of
dementia among the elderly population group.5,6 Health promo-
tion research has focused on changes in smoking behavior and
related factors, and different trajectories of smoking behaviors
have been examined in the adolescent population group,7e10 but
not often in the elderly population group. Older adults are more
likely to quit smoking than to start smoking as they age,11 usually
due to health problems.12,13 Nevertheless, only a few studies have
examined the heterogeneity in long-term trajectories of smokingstudy have no ﬁnancial or
anuscript.
of Health Care Administration,
ichung, 41354, Taiwan, ROC.
).
tric Emergency & Critical Care Mebehavior among adults.14,15 To our knowledge, the trajectories of
smoking behavior among the elderly population group have not
yet been examined.
Sex differences have been identiﬁed in smoking and quitting
behaviors, but the ﬁndings are mixed. Most studies have shown
that men smokemore thanwomen.16e20 This ﬁnding is also true for
related studies in Taiwan.20 The smoking prevalence of women
aged  55 years is less than that of men.20 The prevalence of
smoking usually declines over time among men but does not
necessarily decline in women.21e23 Regarding smoking cessation,
most studies have found higher cessation rates for men than for
women, and this is also true for elderly men versus elderly
women.24,25 Other studies, however, have found no sex differences
in the smoking cessation rate17 or have found a higher rate among
elderly women than among elderly men.26 Two hypotheses have
been proposed to explain sex differences in smoking behavior.27
One hypothesis, related to “gender equality and independence
among women,” suggests that women's improved status contrib-
uted to their adoption of male smoking behaviors. The other hy-
pothesis involves the concept of “cigarette diffusion,” derived fromdicine. Published by Elsevier Taiwan LLC. All rights reserved.
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adapted cigarette smoking at a later age than men. However, the
factors related to sex differences in smoking behavior have not yet
been thoroughly examined.
In this work, we identiﬁed trajectories of smoking behavior
during an 11-year follow-up study of individuals in late adulthood
and examined the factors correlated with these trajectories strati-
ﬁed by sex. The group-based trajectory analysis was used to identify
the smoking trajectories for men and women.282. Materials and methods
2.1. Participants and procedures
Data were drawn from the Taiwan Longitudinal Survey on
Aging survey, a nationally representative longitudinal survey ﬁrst
conducted in 1989 and repeated every 3 years or 4 years. A three-
stage proportional-to-size probability sampling technique was
used. Face-to-face interviews were conducted with a random
sample of individuals (aged  60 years) selected from the entire
elderly population of Taiwan. A supplemental sample of 2462 in-
dividuals aged 50e66 years was added to the survey in 1996. The
samples in this study were drawn from new participants in the
survey since 1996, who were followed up in 1999, 2003, and 2007,
with attrition due to missing cases and death. Only those who
completed three or more waves of interviews and who self-
reported were included in the analysis (Figure 1). Missing items
for the included samples were imputed by the last value carried
forward method. Thus, 2097 individuals were included in the
group-based trajectory analysis. This study was approved by the
Research Ethics Committee of Central Regional Research Ethics
Center, Taiwan (cRREC-101-062).2.2. Smoking behaviors
Smoking behavior was deﬁned as occurring if the respondent
engaged in the behavior at the time of the interview. It was coded
as a binary outcome (yes/no). The analysis of smoking behaviors
was examined by sex.2.3. Predictors
Predictors of the health behavior trajectories included de-
mographic variables and the health status at the baseline in 1996.Figure 1. Taiwan Longitudinal Survey on Aging data and analysis samples.(1) Demographic variables: These included age, education (high
school or above/belowhigh school), working status (employed
or unemployed),marital status (having a spouse or not), ethnic
group [mainlanders or others (Fujian/Hakka/Aboriginal)], do-
mestic situation (living alone or living with someone), eco-
nomic satisfaction (categorized into 3 groups: unsatisﬁed, fair,
and satisﬁed), and living area (urban or rural).
(2) Health status: These included self-rated health (scored 1e5,
indicating “very poor” to “excellent”); number of chronic
diseases (summation of self-reported chronic diseases,
including hypertension, diabetes, heart disease, stroke, can-
cer, respiratory tract disease, arthritis, liver or gall bladder
disease, gastrointestinal disorders, and kidney disease; score
from 0 to 10); and depressive symptoms (measured by the
10-item Centre for Epidemiologic Studies Depression Scale
with scores ranging from 0 to 30).29
2.4. Analysis
The group-based trajectory analysis was used to identify the
trajectory groups.28 This method is designed to cluster individuals
who exhibit a similar progression in some outcome or behavior
over time. The group-based trajectory model assumes that the
population is composed of a mixture of underlying trajectory
groups. It assumes that Yi ¼ {yi1, yi2, yi3,…, yiT}, where the longi-
tudinal measurement is of an individual i over T periods and that
p(Yi) ¼ Spjpj(Yi), where p(Yi) is the probability of Yi given mem-
bership in group j, and pj is the probability of group j. The form of
p(Yi) is determined by the type of data used in the analysis. The
group-based trajectory model is applicable for normally distrib-
uted, binary, or zero-inﬂated Poisson outcome variables.28 In this
study, “smoking behavior” was deﬁned as a binary variable (yes/
no), and thus a logistic model distribution was applied.
The optimal trajectory group number was determined by
comparing the change in the Bayesian information criteria (△BIC)
and in the parsimony principle. An SAS procedure, PROC TRAJ, was
applied for the analysis.30 The unconditional model (with only time
but no other covariates included) was applied ﬁrst, after which the
baseline predictors were added to the model.
3. Results
Table 1 shows the sex differences in smoking behavior across
the four waves of interviews and the baseline characteristics of
study population. Men had much higher smoking rates than
women in all waves. Most other characteristics differed signiﬁ-
cantly between men and women.
First, the unconditional model was analyzed to determine the
optimal group numbers. The optimal group number was three for
men and two for women according to the BIC scores. The group-
based trajectories of smoking of the unconditional models by sex
are shown in Figure 2, and the coefﬁcients are presented in Table 2.
The trajectories of smoking among male respondents were iden-
tiﬁed as follows: non/rare smokers (42.6%), quitting smokers
(16.5%), and chronic smokers (40.9%). The smoking trajectories
among female respondents included non/rare smokers (95.9%) and
smokers (4.1%). The average posterior probabilities for men were
0.99 (non/rare smokers), 0.85 (quitting smokers), and 0.97 (chronic
smokers), whereas those for women were 0.99 (non/rare smokers)
and 0.94 (smokers).
The characteristics of the trajectory groups stratiﬁed by sex are
presented in Table 3. Among men, quitting smokers were older
than non/rare smokers and chronic smokers. Male nonsmokers
were also more likely to be highly educated, mainlanders, and
living in urban areas. Among the female respondents, smokers
Table 1
Characteristics of study samples by sex (n ¼ 2097) a at baseline.
Variables Men (n ¼ 1043) Women (n ¼ 1054) p *
Smoking rate (%)
1996 53.0 3.0 <0.001
1999 49.8 3.1 <0.001
2003 41.8 2.8 <0.001
2007 34.1 2.3 <0.001
Characteristics at baseline (1996)
Age (y) 58.55 ± 4.94 58.30 ± 4.73 0.245
High school or above 23.4 6.1 <0.001
Working 69.4 33.1 <0.001
With spouse 89.4 80.2 <0.001
Living alone 5.6 2.9 0.003
Mainlander 11.9 2.7 <0.001
Economic satisfaction 3.21 ± 0.87 3.20 ± 0.87 0.856
Living in urban area 37.7 38.8 0.621
Self-rated health 3.54 ± 1.06 3.26 ± 1.09 <0.001
Number of chronic diseases 0.86 ± 1.12 1.07 ± 1.25 <0.001
Depressive symptoms score 4.10 ± 4.69 5.46 ± 5.69 <0.001
Data are presented as % or mean ± standard deviation.
* The signiﬁcances were examined by t test or Chi-square test.
a The total number of cases analyzed was 2097 after excluding those with more
than one missing data in the smoking status of 1996, 1999, 2003, and 2007, and
those missing data in any covariate.
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be smokers.
Next, the factors at baseline were added to the model to
compare the characteristics across trajectory groups (Table 4). For
the model with covariates, the average posterior probabilities for
men were 0.98 (non/rare smokers), 0.90 (quitting smokers), and
0.95 (chronic smokers), whereas those for women were 0.99 (non/
rare smokers) and 0.97 (smokers). The non/rare smoking groupwas
used as the reference group for both men and women. Amongmen,
compared with the non/rare smokers, the quitting smokers were
more likely to be lower educated (b ¼ 0.670). The male chronic
smokers were more likely to be younger (b ¼ 0.058), lower
educated (b ¼ 0.586), and living in rural areas (b ¼ 0.452). Fe-
male smokers were more likely to be mainlanders (b ¼ 2.516), but
they did not differ signiﬁcantly in other characteristics when
compared with female non/rare smokers.Figure 2. Trajectories of smoking behavior for4. Discussion
We used data from an 11-year, four-wave panel study of
Taiwanese older adults to examine the multiple trajectories of
smoking behavior. Three groups were identiﬁed for male re-
spondents (non/rare, quitting, and chronic smokers), and two
groups were identiﬁed for female respondents (non/rare smokers
and smokers). Age, education, and living in urban areas were
related to the smoking trajectories for male respondents. The
smoking trajectories for female respondents differed signiﬁcantly
by the ethnic groups.
Fewer trajectory patterns were identiﬁed in our study than in
other studies.14,15 The most important possible reason for this dif-
ference is the age of entry of the trajectories. The samples in pre-
vious studies were younger than the samples in our study.14,15 The
younger population may be more likely to begin smoking behav-
iors, whereas fewer middle-aged or older adults may begin smok-
ing. Furthermore, the behaviors of older adults may be more rigid
than those of younger adults. The follow-up period for our study
was also shorter than that in Frosch et al's study.14 Thus, changes
over a longer time could not be observed in our study.
Smoking behavior patterns are different in older and younger
individuals. A previous study revealed that the incidence of
smoking cessation was greater in younger and older adults than in
middle aged adults among both sexes.31 Besides, there are more
reasons to quit smoking for young women than for elderly
women, due to pregnancy/breast-feeding.32 Even among women,
the smoking cessation programs that targeted elderly women
were fewer in number.33 This could explain why it seemed that
the smoking behavior was more stable in the elderly female
group.
There were sex differences in the trajectories of smoking
behaviors. The smoking probability for Taiwanese women was
much lower than that for men; only 4.1% of female respondents
were smokers, whereas 40.9% of male respondents were chronic
smokers, consistent with other studies.18 Gender role norms
may affect differences in smoking behavior.34 For example, social
disapproval of women's smoking and general restrictions on
women's behavior may be responsible for reduced number ofthe male and female elderly population.
Table 2
Coefﬁcients of the unconditional model for men.
Group Parameter B (SE) p BIC score
Men BIC score ¼ 1813.64 (n ¼ 4249 observations);
BIC score ¼ 1808.25 (n ¼ 1106 persons)Non/rare smokers Intercept 4.378 (0.415) <0.001
Quitting smokers Intercept 2.243 (0.486) <0.001
Linear 6.317 (1.350) <0.001
Chronic smokers Intercept 2.665 (0.195) <0.001
Linear 2.586 (0.974) 0.008
Quadratic 3.311 (0.817) <0.001
Women BIC score ¼ 339.77 (n ¼ 4245 observations);
BIC score ¼ 336.41 (n ¼ 1104 persons)Non/rare smokers Intercept 7.154 (1.077) <0.001
Smokers Intercept 0.927 (0.370) 0.012
Linear 0.0075 (1.458) 0.996
Quadratic 0.489 (1.265) 0.699
BIC ¼ Bayesian information criteria; SE ¼ standard error.
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were differentiated into three groups, whereas those for women
were only differentiated into two groups (identiﬁed as smokers
or non/rare smokers). Previous studies found a rate of 20.5e25.1%
for former smokers among women4,17,27; however, the quitting
trajectory of female respondents was not identiﬁed in our
study. It is possible that the smoking rate among older women
was much lower, and changes in smoking behaviors were
unidentiﬁable.
Older age associated with a lower smoking rate for both sexes is
found in previous studies,11,18 and being older is related to a larger
number of quitting attempts.11 In our study, male chronic smokers
were younger than quitting smokers and non/rare smokers.
Because the quitting smokers among womenwere not identiﬁed in
this study, the age difference between female smokers and quitters
could not be conﬁrmed.
Previous studies have found that education is inversely related
to smoking behaviors for both sexes.17,25 Education is related to
health literacy and healthy lifestyles, and people with higher edu-
cation may be more likely to avoid smoking or to quit smoking.
However, education was not signiﬁcant among women in our
study. It is possible that the education level of women in this cohort
was commonly low.
Male older adults living in urban areas were less likely to be
chronic smokers than non/rare smokers. This result was consistent
with the negative relationship between the smoking rate and ur-
banization in cities in Taiwan. A person's living area represents his
or her life opportunities and occupation-related lifestyle. It is
possible that older Taiwanese men living in rural areas were moreTable 3
Characteristics of studied sample by sex and smoking trajectories.
Men (n ¼ 1043
Non/rare smokers Quitting smokers
Age (y) 58.94 (5.06) 59.11 (4.88)
Education (high school or above) (%) 30.63 18.24
Working status (yes) (%) 70.95 67.92
Marital status (with spouse) (%) 89.41 94.34
Living arrangement (alone) (%) 5.63 3.14
Ethnic group (mainlander) (%) 14.86 10.69
Economic satisfaction
Unsatisﬁed (%) 17.34 16.35
Fair (%) 40.54 49.69
Satisﬁed (%) 42.12 33.96
Living area (urban) 45.50 33.96
Self-rated health 3.58 (1.07) 3.50 (1.02)
Number of chronic diseases 0.89(1.15) 0.91 (1.28)
Depressive symptoms (%) 15.54 15.09
Data are presented as % or mean (standard deviation).
* Signiﬁcances were examined by t test or Chi-square test.likely to be farmers or to work in blue-collar occupations, lifestyles
in which smoking is more prevalent.
Women of mainlander ethnic groups were more likely to be
smokers than other female ethnic groups. After the Civil War in
China, many soldiers, government employees, and wealthy people
emigrated fromMainland China to Taiwan around 1949. Women in
the mainlander group had higher socioeconomic status, were more
empowered, and enjoyed greater freedom than the Fujian or Hakka
women, which may explain the difference in smoking behavior
between these ethnic groups. Highly educated women were more
likely to be smokers.17
There are some limitations to this study. First, some variables
were unavailable in the data, such as nicotine dependence, other
smokers in the household,18 misinformation, and erroneous beliefs
about smoking or the use of smoking as a coping strategy for
stress.2 Second, the low smoking rate among Taiwanese women
leads to little variation; therefore, the heterogeneity of female
smoking behavior was not further identiﬁed. Third, we included
only baseline predictors in the model. The time-varying covariates,
such as health status during follow-up, were not included in the
model. Fourth, the longitudinal data were collected every several
years. The smoking behavior may have changed during two waves
(such as quitting and smoking again) but that was undetectable.
Fifth, only thosewho completed the surveys (3 or 4waves) and self-
reported were included in the analysis. It is possible that these
samples were healthier than the excluded ones. Sixth, the data
were collected frommiddle-aged and older people only. We cannot
compare the patterns between the older and the younger people
using these data.) Women (n ¼ 1054)
Chronic smokers p * Non/rare smokers Smokers p *
57.95 (4.80) 0.004 58.23 (4.72) 59.89 (4.61) 0.021
17.95 <0.001 6.05 6.67 0.750
68.41 0.648 33.60 22.22 0.144
87.50 0.056 80.38 75.56 0.445
6.36 0.315 2.87 4.44 0.385
9.32 0.034 2.08 15.56 <0.001
0.051 0.157
20.45 17.94 17.78
46.14 46.78 60.00
33.41 35.28 22.22
31.14 <0.001 38.65 42.22 0.642
3.53 (1.07) 0.648 3.26 (1.09) 3.18 (1.13) 0.610
0.81 (1.03) 0.446 1.07(1.25) 1.22 (1.35) 0.419
20.45 0.107 26.56 17.78 0.227
Table 4
Factors at baseline related to smoking trajectories by sex (n ¼ 1043).
Factors at baseline Model for men Model for women
Non/rare smokers a Quitting smokers Chronic smoker Non/rare smokers a Smokers
B (SE) p B (SE) p B (SE) p B (SE) p B (SE) p
Intercept 4.678 (0.526) 0.001 1.959 (0.370) <0.001 2.684 (0.212) <0.001 7.405 (0.996) <0.001 1.107 (0.379) 0.004
Linear 5.256 (1.022) <0.001 2.804 (1.062) 0.008 0.565 (1.560) 0.717
Quadratic d d 3.442 (0.899) <0.001 0.054 (0.1348) 0.968
Age 0.018 (0.025) 0.483 0.058 (0.017) <0.001 0.043 (0.038) 0.254
Education (high school or above) 0.670 (0.289) 0.020 0.586 (0.181) 0.001 1.036 (0.888) 0.243
Working status (yes) 0.204 (0.252) 0.420 0.274 (0.174) 0.115 0.615 (0.425) 0.148
Marital status (having a spouse) 0.894 (0.570) 0.117 0.160 (0.284) 0.574 0.229 (0.408) 0.576
Living arrangement (alone) 0.074 (0.718) 0.917 0.091 (0.379) 0.811 0.036 (0.891) 0.968
Ethnic groups (mainlanders) 0.292 (0.370) 0.431 0.083 (0.253) 0.742 2.516 (0.576) <0.001
Economic satisfaction (fair) 0.224 (0.308) 0.467 0.024 (0.203) 0.908 0.186 (0.457) 0.684
Economic satisfaction (satisﬁed) 0.075 (0.336) 0.822 0.174 (0.214) 0.416 0.695 (0.559) 0.214
Living area (urban) 0.411 (0.231) 0.076 0.452 (0.154) 0.004 0.008 (0.352) 0.983
Self-rated health 0.002 (0.118) 0.989 0.030 (0.081) 0.712 0.051 (0.179) 0.776
Number of chronic diseases 0.037 (0.102) 0.720 0.085 (0.074) 0.250 0.112 (0.133) 0.401
Depressive symptoms 0.163 (0.326) 0.618 0.307 (0.211) 0.145 0.672 (0.446) 0.132
BIC score BIC ¼ 1789.51 (N ¼ 4006)
BIC ¼ 1767.98 (N ¼ 1043)
BIC ¼ 347.46 (N ¼ 4056)
BIC ¼ 336.00 (N ¼ 1054)
BIC ¼ Bayesian information criteria; SE ¼ standard error.
a The Non/rare smoker group was the reference group.
Smoking behavior changes in elderly individuals 219Changes occur in smoking behavior with age, and the trajectory
patterns and related factors differ for men and women. Current
health promotion policies and smoking cessation strategies usually
target the male population and overlook the sex differences. We
suggest that health policy makers and program planners should
consider these sex differences and develop strategies that are
sensitive to sex.References
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